In Brazil, serotype 1 Streptococcus pneumoniae is one of the most prevalent causes of severe infection. This study investigated the genetic relatedness of 134 serotype 1 isolates obtained from invasive diseases during the period 1977-2005. Molecular typing by PFGE revealed two major lineages using visual inspection and computer analysis. Type A comprised 94 isolates (70.2 %) with four subtypes, whereas type B comprised 40 isolates (29.8 %) with eight subtypes. Subtype A3, the most frequent genotype, accounting for 65 % of the total isolates, was identified as a representative of clone Sweden 1
INTRODUCTION
The polysaccharide capsule of Streptococcus pneumoniae can be used to define more than 90 pneumococcal serotypes, in addition to acting as the primary virulence determinant for this organism. Some serotypes are mostly associated with nasopharyngeal carriage, whilst others are more likely to be the causative agents of invasive disease (Alannee et al., 2007; Hausdorff et al., 2005) .
Serotype 1 ranks among the most prevalent invasive serotypes in many countries (Garcia et al., 2006; Konradsen & Kaltoft, 2002; McChlery et al., 2005; Porat et al., 2001) . In Brazil, since 1977, serotype 1 has been identified as one of the most frequent pneumococci causing severe infections in both adult and paediatric patients (Brandileone et al., 2003) . In the period 2000-2005, serotype 1 isolates were ranked fourth (5.6 %) among the principal serotypes identified in Brazilian children up to 6 years of age, preceded by serotypes 14 (35.9 %), 6B (11 %) and 18C (6.1 %) (Pan-American Health Organization, 2007) .
Serotype 1 has specific epidemiological features, including: (i) a low colonization frequency, even in populations in which serotype 1 is a frequent cause of pneumococcal infections (Laval et al., 2006; Normark et al., 2001; Nunes et al., 2008) ; (ii) the ability to cause outbreaks in communities and in crowded and closed institutions (Dagan et al., 2000; Leimkugel et al., 2005) ; (iii) an association with severe episodes of pneumonia and empyema in children (Byington et al., 2006); and (iv) susceptibility to most antimicrobial agents (Klugman & Koornhof, 1988) . Recently, some authors have speculated that isolates of serotype 1, which are known to have a highly invasive potential, behave as primary pathogens, whereas other capsular types demonstrate opportunistic features (Garau & Calbo, 2007; Hausdorff, 2007) .
Molecular typing studies have greatly contributed to epidemiological investigations of pneumococci, mostly focusing on the global spread of penicillin-resistant clones (Brueggemann et al., 2003; Tomasz et al., 1998) . Molecular studies of serotype 1, a usually penicillin-susceptible albeit hypervirulent serotype, have been reported less frequently (Brueggemann & Spratt, 2003; Gonzalez et al., 2004; Normark et al., 2001; Porat et al., 2001) . A common factor in these reports was the low genetic diversity among the isolates, which has been associated with the short duration of carriage and/or a low density of this serotype in the nasopharynx, resulting in a reduced opportunity to exchange genes between strains (Brueggemann & Spratt, 2003; Hausdorff et al., 2005) .
In a study on clonal types of penicillin-susceptible S. pneumoniae from Latin American countries, only five serotype 1 strains isolated in 2001 and 2002 from Brazilian individuals were investigated by multilocus sequence typing (MLST), all of which were assigned to sequence type ST304 (Zemlickova et al., 2005 Because of the significant clinical and public health importance of serotype 1 in Brazil (Brandileone et al., 2003) , we studied the genetic relatedness of isolates belonging to this capsular type collected from invasive diseases during a three-decade surveillance period in Brazil.
METHODS
Bacterial isolates. During the period 1977-2005, a total of 8892 pneumococci obtained from normally sterile fluids were recovered through the National Public Health Surveillance Network in Brazil and sent to the Institute Adolfo Lutz, the National Reference Laboratory for meningitis and S. pneumoniae. All isolates were from hospitalized patients. In this collection of pneumococci, a total of 592 (6.6 %) were identified as serotype 1 by a Neufeld Quellung reaction with antisera obtained from the Statens Seruminstitut (Sorensen, 1993) through the Sistema Regional de Vacunas (SIREVA network), Pan-American Health Organization (Di Fabio et al., 2001) . Determination of antimicrobial resistance was carried out as described previously , following the interpretative criteria standardized by the CLSI/NCCLS (2005). All isolates were stored lyophilized in skimmed milk.
In a pilot study conducted to obtain information on an adequate sample size for the current study, we found that the genetic diversity of type 1 pneumococci was slightly higher in the first period (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) compared with the last period (2001) (2002) (2003) (2004) (2005) of the study. We calculated that a sample size of 134 out of 482 viable serotype 1 strains (28 %) would be necessary to detect differences in genetic diversity of 10 % (a55 %) between the first and last periods of the study. We used convenience sampling (Kleinbaum et al., 1982) to allow the study to include a balanced number of meningitis (n562) and pneumonia (n569) isolates and isolates from different geographical regions in Brazil wherever possible. From 1977 to 1984, we studied all viable serotype 1 pneumococci (n520) as only a small number of isolates were available for this period. For the remaining period, four to ten strains were selected monthly or bimonthly and assembled in three age groups (¡10 years, n579; 11-49 years, n538; ¢50 years, n517). Pneumococci were recovered from different geographical regions of Brazil: the north-east (three cities), south-east (12 cities) and south (two cities).
Molecular typing. The genotyping of isolates was performed by PFGE as described previously . SmaIrestricted DNA from strain R6 and a Lambda ladder (Biolabs) were used as markers for intra-gel normalization and inter-gel comparison. Representative strains of the 26 international clones (clones 1-26; www.sph.emory.edu/PMEN) and four serotype 1 strains identified previously as sequence type ST304 by MLST (Zemlickova et al., 2005) were also included in the study to investigate their genetic relatedness. Gels were stained with ethidium bromide (5 mg ml
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) and photographed in a photo-gel system (Quality One program, version 4.5, Universal HOOD II, Gel Doc EQ; Bio-Rad).
Data analysis. The information related to each isolate was recorded in a data file using EpiInfo software (version 6.04d; Centers for Disease Control and Prevention). The PFGE DNA patterns were initially analysed by visual comparison using the criteria of Tenover et al. (1995) for clustering.
PFGE types (major patterns or lineages designated by capital letters) and subtypes (designated by capital letters with numbers) were defined, respectively, when PFGE profiles differed by more than six fragments and when one to six fragment variations in the same type were observed (Tenover et al., 1995) . PFGE patterns were also analysed using BioNumerics software (Applied Maths, version 4.5) by means of the Dice similarity coefficient (SC) with a band-position tolerance of 1.7 % and an optimization of 0.7 %. The dendrogram was constructed by UPGMA and a cluster cut-off value of 80 % similarity was ascertained as the same cluster. A x 2 test was applied to compare differences between proportions. The odds ratio (OR) and respective 95 % confidence intervals (95 % CI) were calculated to assess potential factors associated with PFGE types. Variables statistically associated with PFGE types in univariate analysis were adjusted for confounders in a multivariate logistic regression model. P values less than 5 % were considered statistically significant. Data analysis was conducted using SPSS software (version 15.0).
RESULTS AND DISCUSSION
Among the 134 serotype 1 pneumococci, only two genetic lineages (types A and B) were identified during the period 1977-2005 by visual comparison of the PFGE patterns. Type A comprised 94 isolates (70.2 %) with four subtypes (A1-A4), whereas type B comprised 40 isolates (29.8 %) with eight subtypes (B1-B8), showing a larger genetic diversity when compared with type A. Subtype A3 was predominant among the type A isolates and was the most frequent subtype, corresponding to 65 % of the total isolates, followed by subtypes B4 (8.9 %), B2 (8.2 %) and B8 (5.3 %) ( Table 1) . The genetic similarity of the PFGE types and subtypes established by SC and dendrogram analyses is summarized in Table 2 and shown in Fig. 1 The stratification of PFGE types by year of isolation is displayed in Fig. 2 Fig. 2b) and from individuals ,10 years old (Fig. 2c) , when compared with isolates from meningitis and from individuals aged .10 years, which remained constant throughout the study period. Indeed, the results of multivariate analysis showed that, in the period 1990-2005, isolates from pneumonia and isolates from individuals aged ¡10 years were variables independently associated with PFGE type A (Table 3) . Therefore, the increase in type A isolates since 1990 in Brazil is strongly associated with isolates recovered from pneumonia cases and from young patients.
The association between serotype 1 S. pneumoniae and pneumonia is well described (Byington et al., 2006) . Therefore, it is possible that the specific genotype A of serotype 1 harbours a particular virulence factor for pneumonia. Thus studies on an association between the genetic lineages of S. pneumoniae and virulence factors are needed to analyse the molecular epidemiology of pneumococci.
The distribution of PFGE subtypes throughout the geographical regions studied is displayed in Table 1 . Subtype A3 first emerged as a single isolate in 1980, collected from a patient with bacterial meningitis in the city of São Paulo in south-east Brazil. Subsequently, this subtype was detected in 17 cities separated by long distances from each other. Although the majority of isolates encountered in this investigation were recovered from the south-eastern region, in particular from São In the period before the temporal switch of the genetic lineages distinguished in this study, no single subtype dominated, as serotype 1 isolates were represented by a large number of B subtypes. Epidemiological factors that may be associated with the replacement of a variety of subtypes B by the clone Sweden 1 -40 are unknown, but this has occurred without antibiotic-pressure selection, as representative isolates of this clone are susceptible to antimicrobial drugs. Clonal expansion of pneumococci in a region is expected to be related to particular characteristics of the community or with a virulence advantage of the pneumococcal lineage (Spratt & Greenwood, 2000) . Examples of clonal expansion associated with serotype 1 isolates have been described recently: the epidemic pneumococcal meningitis that occurred in the Africa meningitis belt, specifically in northern Ghana and Burkina Faso, were caused by serotype 1 isolates of the hypervirulent ST217 clonal complex (Leimkugel et al., 2005; Yaro et al., 2006) , and the emergence of a single serotype 1 lineage (ST306) was reported among healthy carriers attending day-care centres in Portugal after the introduction of a seven-valent conjugate vaccine (Nunes et al., 2008) .
It is worth noting that, among the serotype 1 isolates from Brazil, three strains were non-susceptible to penicillin. These three particular pneumococci, included in this study and expressing penicillin MICs of between 0.12 and 0.25 mg ml
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, all belonged to subtype A3. These pneumococci were isolated in 2004 from pneumonia cases in the city of São Paulo. Thus, considering the fact that serotype 1 is not globally associated with antimicrobial resistance, it is interesting that penicillin resistance appears to have emerged after genetic exchange of penicillin-resistance genes in more recent years among serotype 1 strains belonging to clone Sweden 1 -40. At present, the serotype 1 isolates related to hypervirulent clones are not associated with widespread antimicrobial resistance; however, these clones have great potential to cause invasive disease and may emerge as an antimicrobial-resistant clone. The identification of penicillin-resistant variants of clone Sweden 1 -40 is of particular concern as it may add a further advantage to such serotype 1 isolates, leading to their emergence in regions where this clone is prevalent as well as in countries where the seven-valent conjugate vaccine is introduced in the vaccination programme (Spratt & Greenwood, 2000) . Serotype 1 is not included in this conjugate vaccine, although more complete formulations of this vaccine (10-valent and 13-valent vaccines) including this serotype are under clinical trials. The current sevenvalent conjugate vaccine has been licensed in Brazil, but it has not been introduced into the national immunization programme.
In conclusion, this study has reported the genetic relatedness of pneumococci serotype 1 strains isolated over three decades in Brazil, displaying an important replacement of lineage B by the clone Sweden 1 -40, currently responsible for the serotype 1 invasive diseases in this country. This study also confirmed that continuing surveillance is necessary to detect the emergence of pneumococci serotypes and clones so that adequate measures for control of infections caused by pneumococci can be deployed in a timely fashion.
